The physics of the film cooling process for shaped, inclined slot-jets with realistic slot-length-to-width ratios (Us) is studied for a range of blowing ratio (M) and density ratio (DR) parameters typical of gas turbine operations. The effect of inlet and exit shaping of the slot-jet on both flow and thermal field characteristics is isolated, andthe dominantmechanisms responsible fordifferences in these characteristics are documented. A previously documented computational methodology was applied for the study of four distinct configurations: (1) slot with straight edges and sharp corners (reference case); (2) slot with shaped inlet region; (3) slot with shaped exit region; and (4) slot with both shaped inlet and exit regions. Detailed field results as well as surface phenomena involving adiabatic film effectiveness (i) and heat transfer coefficient (h) are presented. his demonstratedthatbothl and h results are vital in the proper assessment of film cooling performance. The key parameters M and DR were varied from 1.0 to 2.0 and 1.5 to 2.0, respectively, to show their influence. Simulations were repeated for slot length-to-width ratio (Us) of 3.0 and 4.5 in order to explain the effects of this important parameter. The computational simulations showed exceptionally strong internal consistency. Moreover, the ability of using a state-of-the-art computational methodology to sort the relative performance of different slot-jet film cooling configurations was clearly established.
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INTRODUCTION
An understanding of jet-in-crossflow interaction is crucial in the design of hot section components in modern gas turbine engines. The temperature of the gases entering the turbine section is typically near the melting point of the alloys used in the turbine airfoils and endwalls. To prevent these components from failing at such elevated temperatures, they are commonly film cooled to isolate the metal from the hot gases. In addition, film cooling holes are often shaped in some manner to improve cooling performance, thus allowing for better metal protection and/or a decreased coolant supply-, however, these configurations are often implemented with weak understanding of flow and heat transfer characteristics in and near the film hole. Although most film cooling is accomplished via discrete holes in the metal surface, slot-jets are used in gas turbine combustor liners, exhaust liners, and on the trailing edge of turbine blades. This study focuses on slot-jet film cooling physics and the effect of geometry on both flow and thermal field characteristics. Detailed field data, the adiabatic effectiveness, and the surface heat transfer coefficient are used to evaluate the advantages and/or disadvantages of slot shaping. Emphasis is placed on determining the dominant physical mechanisms responsible for the differences in film cooling performance of the various slot configurations.
LITERATURE REVIEW
A number of studies are available in the open literature that examine jet-in-crossflow interactions both experimentally and computationally. Buticiewicz et al. (1995) provides a thorough overview of these studies and their ramifications. Although a large number of studies exist, only the ones closely related to 2-D inclined slot-jets studied in the present paper will be discussed here.
Several recent studies have focused on geometry effects on heat transfer downstream of discrete jets. Compound angle injection was studiedby Ekkad et al. (1995a Ekkad et al. ( , 1995b , Ligrani et al. (1994) , Sen et al. (1994) and Schmidt et al. (1994) . Also, film hole shaping was reviewed by Sen et al. (1994) and Schmidt et al. (1994) . Each of these studies focused on the difference between film cooling configurations in terms of the resulting downstream behavior; the physical mechanisms that cause these differences were not explained. To effectively extrapolate from the database provided in these papers, it is crucial to understand the flow mechanisms responsible for the documented effects. Metzger et al. (1968) examined slot-jets with various injection angles ranging from 20° to 60°. This work studied the changes in the surface heat transfer for various injection angles, blowing ratios, temperature ratios, and Us ratios. Realistic Us ratios were used for some of the test conditions; however, the inlet geometry was atypical of gas turbines and therefore has limited applicability. Also, no thorough documentation of the dominant physical mechanisms was offered.
A more recent computational study by Irmisch (1995) examined a turbine blade airfoil with leading edge slots. Some notable highlights of this work were the use of an unstructured grid to accurately capture the complex airfoil shape and the use of a realistic film cooling geometry. However, grid independence and grid quality were not addressed thoroughly, although comparison between computed and experimental pressure coefficient was favorable. No investigation into the blade surface heat transfer characteristics was attempted. Garg and Gaugler (1995) studied the effect of exit velocity and temperature distribution on the film cooling performance. A 10th law and a parabolic velocity profile were assumed at the film hole exit to demonstrate this effect. They documented that the distribution of coolant velocity and temperature at the hole exit can cause a change in the heat transfer coefficient of as much as 50% to 60%. This evidence supports the choice of computational model used in this paper; namely, that the computational domain must include the plenum, slot, and crossflow to accurately model the complex flow physics.
In two companion papers by Buticiewicz et al. (1995) and , a 2-D normal slot-jet was studied to develop and validate a consistently accurate computational methodology using experimental data of Scherer and Wittig (1991) . In these studies, four key issues of obtaining consistently accurate computational results in the context of a jetin-crossflow interaction were emphasized: (1) proper computational modelling of flow physics, (2) exact geometry representation and high grid quality, (3) use of higher-order discretization schemes, and (4) selection of appropriate turbulence models.
PRESENT CONTRIBUTIONS
The primary goals of this study are to implement an established computational methodology to:
• conduct careful comparison of results between a sharp-edged reference case (REF), and three distinct configurations with inlet shaping (IS), exit shaping, (ES), and combined inlet and exit shaping (TES).
• explain and document all of the crucial physical mechanisms which determine downstream heat transfer characteristics in inclined slot-jets, and determine the effect of geometry on these mechanisms
• provide complete results for both the adiabatic effectiveness and heat transfer coefficient downstream of the slot-jet for various slot geometries and operating parameters demonstrate that computational fluid dynamics (CFD) can be used to dependably capture complex flow physics so that the relative performance of various film cooling configurations can be accurately established.
PROBLEM DESCRIPTION
A 35° inclined slot-jet is studied in this paper because of its common use in gas turbines. To investigate geometry effects on film cooling performance, four distinct geometric configurations are presented: (1) Figure 1 shows these different geometric arrangements. Note that the geometry of the slot is changed systematically so that their individual influences can be isolated. No optimization of the fillet radii in these geometries was performed; the specific dimensions were chosen to provide adequate shaping and metering length for the flow within the distance provided by the realistic slot Us ratio. For each of the distinct geometries, the length-to-slot-width ratio was varied from l./s-4.5 to Us-3.0 (realistic and applicable lengths to the gas turbine industry) to examine the effect of this important parameter. The slot width was fixed at 5 ram, and the length of the slot was varied to obtain the documented Us ratios. Air was used as the working fluid in both the crossflow and coolant jet, with the temperature of the coolant jet adjusted to achieve the desired density ratio (DR).
COMPUTATIONAL METHODOLOGY
The computational methodology implemented in this study is documented in Butldewicz et al. (1995) and Walters et al. (1995) . Application of this methodology is outlined below.
Computational Model
Due to the strong coupling of the crossflow, slot, and plenum (Garg and Gaugler, 1995; Leylek and Zerkle, 1994) , each of these three regions are modelled simultaneously in the computational domain. This allows boundary conditions to be applied where they are certain, and also allows the complex interactions within the jet itself and between the jet and crossflow at the exit plane to be computed rather than applied in this region. Figure 2 graphically depicts the computational model used in the present study. Velocity inletboundary conditions are specified for both the crossflow and plenum inlets. The crossflow velocity and temperature are set at 10 ra/s and 25.15°C, respectively. The density ratio is set to the desired value by decreasing the temperature of the coolant entering through the plenum. The coolant inlet velocity is then calculated so that the correct blowing ratio is attained. Turbulence quantities at the velocity inlets are determined using a TI of 0.7%, which matches planned experiments to complement the simulations presented in this paper. In order to decrease 
52Geometry and Grid Generation
The I-DEAS solid modelling system, by SDRC Inc., was used to precisely capture the slot geometries and to fill the domain with the highest quality grid possible. Figure 3 shows a sample of one of these grids in the slot region. Grid quality was quantitatively evaluated by the cell skew-ness; a skewness of zero represents a perfect equilateral cell, and a skewness of unity denotes a degenerate cell. Each grid used in these simulations averaged a cell skewness of approximately 0.05, with 99.5% or more of the cells having a skewness under 0.2. Grid independence issues were addressed by performing test cases with coarse grids until grid independence was reached at approximately 30,000 cells. Grid y+ along the upstream and downstream walls and inside of the slot was maintained between 20 and 30. 
DIscretlzation Scheme
The second order discretization scheme implemented in RAMPANT, by Fluent Inc., was used to reduce numerical viscosity in the flowfield. This scheme is a 2nd order linear reconstructive scheme and has been shown to perform extremely well in the jet-in-crossflow class of problems by Walters et al. (1995) .
Turbulence Modelling
Experimental studies by Andreopoulos and Rodi (1984) and Pietrzyk et al. (1989 Pietrzyk et al. ( , 1990 examined the correlation between the mean velocity gradients and the turbulent shear stresses on the centerline plane in jet-incrossflow interactions. These works verify that eddy-viscosity models are applicable to the class of problems involving 2-D slot-jets in the present study. In addition, a study by Chekhlov et al. (1994) compares direct numerical simulation (DNS) results to those obtained via two k-c turbulence models. Their results show good agreement between the two eddyviscosity models and DNS in computing the time averaged Reynolds stresses, thus providing further evidence that eddy viscosity models are adequate in 2-D situations. Based on these conclusions as well as inhouse work, the standard k-c model with generalized wall functions is selected for all the computational simulations documented in the present paper.
Convergence
A fully explicit, time-marching, unstructured/adaptive grid code was used to perform all processing of the computational simulations, Preprocessing and post-processing were performed on Sun workstations. while computations were performed on a 64 CPU Intel Paragon supercomputer. Simulations were typically run using 4 CPUs, which required approximately 6 hours per 1000 iterations. Convergence was accelerated using 4 multigrid levels, residual smoothing, a CFL number of 3.5 to 4.5, and local time stepping. The convergence of the simulations improved with M, and the total number of iterations to reach a fully converged state ranged from 3000 to 8000 iterations. In this study, convergence was established when the mass and energy imbalance in the entire computational domain was less than 0.1% and normalized residuals had fallen at least three orders of magnitude. The convergence and results of the simulations were insensitive to various initialization strategies. 6. RESULTS AND DISCUSSION
Validation of Computational Methodology
Much in-house work has been undertaken to validate the computational methodology documented in Butkiewicz et al. (1995) and fora wide variety of problems. Among these are a laminar flow over a cylinder problem (Newman, 1995) , a normal slot-jet-in-crossflow interaction, and an inclined discrete jet-in-crossflow interaction. Each case documents excellent agreement with experimental results.
The first case examined a laminar flow over a cylinder for various Reynolds numbers. This challenging, benchmark test case was performed to verify the effectiveness of this methodology without the factor of turbulence modelling. Four key parameters were examined in this case: the distance between the vortex centers (b), the distance from the trailing edge of the cylinder to the vortex centers (a), the wake length (L), and the separation angle(63), as shovm in Figure 4 . Predicted results for these parameters demonstrated excellent agreement with experimental measurements provided by Coutanceau and Bouard (1977) , as shown in Table 1 .
The key parameters of the vortex region shown above were Investigated in the laminar flow over a cylinder study. These parameters are the wake length (L), the distance between the vortex centers (b), the distance from the trailing edge of the cylinder to the vortex centers (a), and the separation angle (05). Anatmal slot-jet-in-crossflow problem was also examined, which is an extremely complex flow situation involving jet liftoff, separation, and reattachment. Reattachment length, the downstream pressure coefficient, and the downstream Nusselt number were investigated and compared to experimental results (Scherer and Witting, 1991) . Figure 5 shows the agreement between computed and experimental results for the pressure coefficient. The reattachment lengda was overpredicted by 17%; however, note that extraneous blockage effects due to sidewall boundary layers and comer vortices documented in the experimental counterpart is expected to shorten the reattachment length. Since the computations were purely two dimensional and didnot suffer from these blocicage effects, an overprediction of experimental results is expected.
A 3-D discrete inclined jet-in-crossflow was studied by Walters and Leylek (19%) as additional verification of the computational methodology used in this paper. Computations of adiabatic effectiveness were compared to experiments by Sinha et 21(1990) , and field data were compared to results fromPieuzyket al. (1989) . The computations slightly overpredicted r along the centerline as shown in Figure 6 , but these simulations more effectively captured the spreading of the jet than any simulation found in the open literature. Differences between experimental and computational results were attributed to experimental discrepancies and turbulence modelling shortcomings in complex 3-D flows.
Some inclined slot-jetexperimental results for the adiabatic effectiveness were available in-house and were compared to the simulations performed in this study. Experimental results are given for DR-1.55. Us-2.79, and M-1.2. The predicted results were compared to experimental measurements for the same flow parameters and Us-3.0 in Figure  7 . Note that the computations slightly overpredicti ; however, this behavior is expected due to the shorter Us of the experimental study.
The excellent agreement obtained between predicted and measured data for all of the cases described above gives confidence in the computational methodology and provides validation that the computations will closely predict the flowfield and surface heat transfer results in the series of simulations conducted in the present study. 
Reference Case -35° Inclined Slot-Jet
First, reference cases are established for Us-3.0 and Us-4.5 for use in subsequent comparison of geometry effects at blowing ratios ranging from M-1.0 to M-2.0. Note that a family of simulations were made for all geometries and all blowing parameters at both Us ratios. The comparisons following in the next three sections are made using the Us-4.5 reference case. Using this reference, the dominant features of the slot-jet-incrossflow interaction are identified.
The flow features in the slot region which most significantly influence the downstream film cooling performance are highlighted in Figures 8,9 , and 10. The dominant features of the flowfield are: (1) the separation region at the slot inlet, (2) the jetting region along the upstream wall within the slot. and (3) the high pressure gradient/velocity gradient region at the trailing edge of the slot exit. Figure 8 shows the velocity vectors in the vicinity of the slot, indicating a separation andreattachraent regicm along the downstream wall of the slot. This separation occurs due to the sharp corner which must be negotiated by the incoming fluid. As a consequence, . the fluid along the upstream wall is accelerated in a -jetting" effect. The resulting shear layer within the slot itself is a significant source of turbulent kinetic energy, as seen in Figure 10 . The turbulence generated in the slot is convected into the crossflow and downstream along the test surface, decreasing the film cooling performance. The other key source of turbulence production is at the trailing edge of the slot-jet exit plane. The turbulence generated at this location is augmented by a severe high gradient region, which is highlighted by pressure contours hi Figure 9 . This source of turbulence is particularly damaging to film-cooling performance due to its proximity to the test surface.
Each of the detrimental flow features discussed above can and will be avoided by rounding of the slot inlet and/or exit. In so doing, the film cooling performance, in terms of n and h, can be improved.
Inlet Shaping
As mentioned in section 6.2, two of the dominant flowfield features of the inclined slot-jet in crossflow interaction are the inlet separation region and jetting region along the upstream side of the slot. Because of the shaping of the inlet (as shown in Figure lb) , the flow is able to smoothly negotiate the turn into the slot; therefore, much less turbulence is generated at the entrance of the slot when compared to die reference case. Since the exit geometry is common with the reference case, a high gradient region is still present at the slot breakout which fuels turbulence that is injected into the film adjacent to the wall.
Shaping the inlet has a positive effect on both the adiabatic effectiveness and heat transfer coefficient. For each M, shaping the inlet consistently increased1 and decreased h; however, these changes were not significant. At best, inlet shaping has the ability to increase by up to 1 percentage point and decrease h by up to 10% (M-2.0). Plots of i and h for M-1.0 and M-2.0 are shown in Figures 11 and 12 ; note that since h exhibits asymptotic behavior far downstream, data are only shown for the near field, Ga/s<10. Moreover, as M decreases the added performance benefit of inlet shaping also decreases, even becoming negligible at M-1.0. This gives preliminary indication that the separation region allow M does not significantly affect 1 and h.
As shown in Figure 13 , the velocity profiles on the test surface downstream of the exit plane agree perfectly between the reference case and the inlet shaped case, except for the slight amount of upstream jetting that is still apparent in the near-field velocity profiles. However, this slight peak in velocity is quickly smoothed by the large amount of mixing in the film.
The similarity of these profiles shows that any difference in heat transfer characteristics is primarily due to the difference in turbulence content in the film, especially close to the downstream wall. Also, these similarities indicate the internal consistency of this set of computational simulations. Profiles of tIce, shown in Figure 14 , also show the consistency of these simulations. The overall level of turbulence convected downstream is lower for the inlet-shaped case clue to the decreased amount of turbulence generated within the slot This decrease leads to a higher quality film with less turbulent mixing, and therefore better film cooling performance.
(b) Figure 12 . A comparison of the heat transfer coefficient for a) M=1.0, DR=1.5 and b) M=2.0, DR=1.5 illustrates the large benefit in the near field gained from slot shaping and the effect of blowing ratio for each configuration. Since the data collapses for x/s >10,h is only shown for 0< xis <10. Note that the maxima in the tke profiles are in the same near-wall y/s location, which corresponds to the generation of turbulence at the slot exit. It is important to note that as M decreases, the separation region becomes much smaller, which decreases both the amount of turbulence generation at the inlet and the magnitude of jetting along the upstream wall. This mechanism explains the behavior of the surface results as M decreases; eliminating an already Significant separation region by shaping the slot inlet does not gain much benefit at low M. 4 B tke(m2/s2) Figure 14 . Turbulent kinetic energy profiles for M=2.0 and DR=1.5 at )63=2, 5, and 10 demonstrate the benefit of Inlet shaping In terms of a less turbulent/diffusive film.
Note that for the inlet shaped case, the high gradients near the downstream surface at the slot exit are slightly more severe than forthe reference case. Velocity profiles Side of the slot show that the elimination of jetting actually has a negative effect on the film cooling performance of the inlet shaped case. Because of the jetting effect along the upstream wall, fluid velocity along the downstream wall is lower (due to continuity), whereas the inlet shaped case affords an approximate 1/7th law profile inside of the slot as shown in Figure 15 . This means that, if the inlet is shaped, higher velocity fluid must tun the sharp exit comer, which results in higher velocity gradients at the slot breakout. Because of this mechanism, the advantage gained by eliminating the turbulence generation at the slot inlet is counteracted strongly by the extra turbulence generated at the slot breakout So, although one would expect to see a large advantage in n and h because of the decreased turbulence levels exiting the slot, the mechanism described above counteracts this possibility. 
Exit Shaping
Although the separation region and jetting region at the slot inlet still exists, shaping of the slot exit (as shown in Figure lc) alleviates the detrimental high gradient region at the trailing edge of the exit plane in the reference and inlet shaped cases. Removal of this particularly harmful turbulence source is expected to improve film cooling performance. Figure 16 demonstrates the structure of this turbulence generated at the slot exit in the reference and exit shaped cases.
For each M studied, shaping the slot exit consistently increases and decreases h, both improving by an amount greater than that offered by inlet shaping (see Figures 11 and 12 ). Exit shaping alone afforded an n increase of up to 2 percentage points and an h decrease of 20%. It is important to note that unlike the varying amount of advantage given by inlet shaping, this additional benefit is approximately the same regardless of M.
The TI profiles at various streamwise locations on the test surface, shown in Figure 17 , demonstrate the removal of turbulence generation at the slot exit_ There is an extremely large difference in the turbulence intensity at the wall-at xis-2, a 7% difference for M-2.0, and 4.5% at M-1.0. This large advantage makes its way downstream as a history effect. This point demonstrates the value of shaping the exit region, as well as the fact that the turbulence generated at the inlet region of the slot is quickly atte-18 (a) (b) Figure 16 . TI contours (%) for M=2.0 and DR=1.5 at the slot exit for a) the reference case [RE] and b) the exit-shaped case [ES] show that exit-generated turbulence can be effectively eliminated by exit shaping. nuated because of the lack of a source as the fluid nears the slot exit plane. Far downstream, the TI profiles meet near the wall, although the overall level throughout the film is lower than the reference case. This explains why h is constant far downstream of the slot, but n continues to show a benefit because the decreased level of turbulence offers less diffusion of the hot aossflow across the film.
Competing mechanisms force the advantage gained in. the film cooling performance to remain constant regardless of M. At high M, extremely high levels of turbulence are generated at the slot inlet due to the separation region, but the need for exit shaping isnot as great due to the upstream skewed velocity profile of the jetting fluid. On the other hand, not as much turbulence is generated at the inlet at low M. but the small size of the separation region forces anearly uniform velocity profile in the slot which generates a larger amount of turbulence near the test surface at the slot breakout. This combination of the jetting effect and the turbulence generation at the inlet allow shaping of the slot exit to offer a nearly constant advantage in the film cooling performance which is not a function of the range of M studied in this paper. For each M (for Us-4.5), shaping of the slot exit has a &eater impact on film cooling performance than shaping of the inlet. This result is consistent for each type of surface data examined (TI and h). This greater effect is gained by the elimination of a particularly detrimental pocket of turbulence generation at the slot exit. As stated previously, the increase in film cooling performance over the reference case is constant regardless of the blowing ratio.
6$ Combining the Effects of Inlet and Exit Shaping
Obviously, better film cooling performance should be attained by combining the benefits of inlet and exit shaping (Figure 1d ). Based 00 the effects of geometry variations isolated in the previous two sections each of the detrimental flow features discussed in Section 6.2 can be eliminated by the shaping of both the inlet and the exit of the slot-jet. As a consequence. the competing flow mechanisms discussed in the previous section are eliminated so that shaping the exit can increase the advantage in performance as M increases, rather than simply offering a constant advantage in film cooling performance regardless of the blowing ratio.
For each M studied, shaping both slot exit and inlet consistently increases 7) and decreases h to a &eater magnitude than offered by either inlet or exit shaping alone. This configuration improves it by over 3 percentage points, and decreases h by over 30% compared to the reference geometry.
As shown by Figures 11 and 12 , the trends in and h can be interpreted as superposition of the separate results of the inlet shaped and exit shaped cases. Even so, this superposition does not account for all of the increased film cooling performance given by shaping the inlet and exit of the slot. As discussed in the previous section, extra film cooling performance is gaineddue to the elimination of competing flow mechanisms apparent in the exit-shaped case. For each M and Us studied, shaping of both inlet andexit provides the best benefit in terms of film cooling perfor-IILIDCe.
6.6 Effects of Slot Length-to-Width Ratio IL/s) Overall, film cooling performance is much poorer as Us is decreased. Figure 18 demonstrates the decrease in film coaling performance when the slot length is decreased from Us-4.5 to Us-3.0. Turbulence generated at the inlet is not given a chance to attenuate, so a more diffusive film is ejected from the slot. The same trends in the film cooling performance as a function of slot geometry are observed forthese short Us cases, for the same reasons as discussed above for the longer Us. As the Us is decreased, the need for inlet shaping increases accordingly; this characteristic isreflectedini and h. Indeed, for the 1Js-3.0 cases, the benefit derived from shaping the inlet becomes greater when compared to the Us-4.5 cases, but the benefit given by shaping the exit remains constant.
Effects of Density Ratio
To isolate the effect of DR on the film cooling performance, the density ratio was varied from DR-1.5 to DR-2.0 using the reference geometry and a blowing ratio of M-2.0. Results show (Figure 18 ) that as DR increases, film cooling performance also increases. The simulations performed here are found to be fully consistent with the trends documented in the open literature regarding DR; therefore, no further explanation of these results will be offered. Note, however, that the dominant flow features identified in Section 6.2 do not change with DR. Figure 18 . A comparison of the effects of DR and Us on a) and b) h relative to the reference case DR=1.5, and Ust4.5.
Review of Computational Simulations
Overall, surfaceresults and flowfielddetails areexceptionally consistent between all computational simulations performed. Even the minute details (location of peaks in Ike, velocity, velocity profiles, etc.) are in perfect agreement between simulations. When CFD is used properly, it is clear that trends can be accurately captured, which is often the gas turbine heat transfer designer's primary concern. Also, CFD gives access to all information in a flowfield so that complete understanding of the crucial flow mechanisms may be obtained. For example, this set of computational simulations contain evidence that shaping of the slot has a dramatic effect on the discharge coefficient All of these conclusions support that CFD may be successfully and practically applied as a design tool in modem gas turbine design.
CONCLUSIONS •
Shaping of the slot-jet inlet dramatically decreases the amount of turbulence generated at the slot inlet; however, the expected gain in film cooling performance is lost due to the turbulence generation at the trailing edge of the slot breakout Shaping of the slot exit consistently increases film cooling performance by eliminating turbulence generation at the slot breakout, which would otherwise immediately contaminate the film.
• As the blowing ratio(M) decreases, the effect of shaping the slot inlet declines rapidly, becoming negligible at low M. However, shaping of the slot exit significantly improves film cooling performance at any M, for the range of M investigated in the present study.
• Combining inlet and exit shaping superimposes the advantages displayed by both, and results in the best film cooling performance of the test cases for any blowing ratio. However, shaping inlet and exit does not provide significant advantage over shaping the exit only for low blowing ratios.
• To accurately estimate film cooling performance, information on both adiabatic effectiveness and the heat transfer coefficient must be obtained.
• The ability of CFD to accurately and dependably capture the flow physics and correct trends in 2-D slot-jet film cooling has been clearly established. The CFD model of 2-D slot-jet film cooling presented in this paper may be used as an effective preliminary design tool to screen alternative configurations.
